An effort has been made to study the lipid transformations, especially acyl groups, during two important changes in leaves. These two changes were greening and senescence. Since no one single tissue, in general, lends itself to such a study, two kinds of leaf tissue were selected-barley (Hordeum vulgare L.) and Cocklebur (Xanthium strumarium L.). These two changes are of interest since one is a phase in which photosynthesis is initiated and the other is a phase during which photosynthesis shuts down. To follow changes in the fatty acid composition during greening, barley leaf tissue was used. An effort was made to alter the lag phase in the chlorophyll and fatty acid changes by treating the tissue with red, far red, or red followed by far red light prior to a continuous white light treatment. As opposed to following the greening process, several experiments were conducted to follow lipid changes in the senescent phase of photosynthetic tissues. For example, the changes in pigments and fatty acids of green barley leaf tissue placed in the dark were followed. Placing the barley leaf tissue in the dark causes a simulated senescence effect. To continue the study of senescence, cocklebur leaf discs were floated on an aqueous medium. Cocklebur is an excellent choice since the excised leaf discs senesce rapidly without a concomitant necrosis. We also followed the rate of acetate-`C incorporation into senescing cocklebur leaf lipids such as MGDG2, DGDG, and the phospholipids.
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Unser and Mohr (11) ated an increase in MGDG and DGDG in mustard seedlings. We wondered if a red light treatment might reduce the lag effect in chlorophyll synthesis as well as in the fatty acid changes which are associated with greening. We have found that if greening is prevented red light did not reduce the lag period for the synthesis of linolenate (8) . However, no attempt was made to allow chlorophyll synthesis to occur while determining the effect of a prior red light treatment on the subsequent fatty acid synthesis. Akoyunoglou (1) found that there was a pronounced effect of red and far red light treatment on chlorophyll synthesis in old leaves; no effect was observed in young leaves. We therefore allowed the plants to green while studying the effect of a prior red light treatment on the fatty acid changes. Concerning the senescent phase, Draper (2) found that the final stages of this phase in cucumber cotyledons are marked by a loss of all classes of lipids. We have attempted to make a rough estimate of acetate incorporation and carbon retention in the lipids in senescing cocklebur leaf discs treated with either sucrose or abscisic acid. Khudairi (4) found that leaf discs floated on sucrose showed a more rapid loss of chlorophyll than those floated on water. We tried the same experiment using RNase-free sucrose. We wondered if the sucrose would also hasten changes in the lipids which were characteristic of the senescence phase. The abscisic acid was used to accelerate the senescence process.
MATERIALS AND METHODS
Growth of Plants and Light Treatments. The barley (Hordeum vulgare L. var. Harrison) that was used for the red, far red, or red followed by far red light treatments was grown in the dark for 7 days at 23 C. The dark-grown barley was irradiated for 5 min on each of 4 successive days with red, far red, or red followed by far red light. The plants were placed in a growth chamber and illuminated with red light transmitted from Sylvania F20 T12-R red fluorescent tubes through a onefourth inch layer of red Plexiglas (light intensity, 530 .w/cm2).
Those irradiated with far red light were exposed to incandescent light filtered through a one-fourth inch piece of black Plexiglas (84 /iw/cm2). Plants irradiated with red and far red light were given 5 min of each, one immediately after the other. Twenty-four hr following the final light treatment, all plants were placed in continuous white light and samples were taken for lipid and chlorophyll analyses at 0, 6, 24, 57, 78, and 126 hr.
The barley plants used in the dark treatments were grown in continuous white light for 7 days and then placed in the dark. Tissue was harvested after having been in the dark for 0 hr, 67 hr, 7 days, and 10 days. The top 7 cm of leaf tissue was used; no coleoptile material was included in the sample.
As a preliminary study leaf discs of cocklebur (Xanthium strumarium L.) from the second node of 7-week-old cocklebur plants were floated on a phosphate buffered (pH 7.4, 0.2 M) 229 NEWMAN, ROWELL, AND BYRD solution containing 30 ,umoles of sodium bicarbon The leaf discs were exposed to constant illumii samples were taken for chlorophyll analyses after and 102 hr.
There was some question as to whether senescen lebur leaf discs could be accelerated by abscisic acib (4) . Discs were cut from second node, 5-week-olh leaves and sterilized with 2% calcium hypochlorite washed with sterile distilled water, and placed dicated sterile solution. The sucrose solutions used ' free. The leaf discs were incubated under con light illumination at approximately 23 C. Sample vested after 0, 2, 4, and 6 days of treatment. Chlo fatty acid analyses were made on the samples.
Next, cocklebur leaf discs were floated on dis containing acetate-2-14C (10 ,uc/40 ml; 52. 5 (6) .
Fatty Acid Analyses. The aliquot for fatty acid analysis was washed through an acidified aqueous layer and dried with anhydrous sodium sulfate. The fatty acids were transesterified with methanolic-HCl (2.5% HCl, w/w) under reflux for 1.5 hr in an atmosphere of N2 (3). The methyl esters were purified by passing through silicic acid columns. The fatty acid methyl esters were resolved by gas chromatography on a 10 ft column of 10% DEGS on HMDS treated, acid-washed Chromosorb W. Separations were made isothermally at 185 C.
Column Chromatography of Glycerolipids. The aliquot used for lipid analysis was similarly washed and dried and was then placed on a 10-g column of Unisil silicic acid (Clarkson Chemical Company, Williamsport, Pa.). Neutral lipids were eluted with 500 ml of chloroform; MGDG was eluted with 100 ml of chloroform-acetone (1:1, v/v); DGDG was eluted with 100 ml of acetone; and the phospholipids were eluted with 100 ml each of chloroform-methanol (9:1, v/v), chloroform-methanol (1 :1, v/v), and methanol.
Liquid Scintillation Counting. The radioactive glycerolipid samples were dissolved in a mixture of toluene-2,5-bis-[2-(5-tert-butylbenzoxazolyl)]-thiophene (4 g/liter) and counted with a liquid scintillation counter. Quench corrections were made to bring the counting efficiency to 90%.
RESULTS AND DISCUSSION
1iuinuiaLciy Red, Far Red Effect on Greening and Fatty Acid Composiwashed with tion. Dark-grown barley leaf tissue showed a progressive inthen trans-crease in chlorophylls when placed in the light (Table I) . Those the ethereal tissues given a treatment of red, far red, or red followed by [he ethereal far red light showed a similar increase in chlorophylls when exposed to continuous white light. Tissue Dark-grown plants showed a relative increase in 18:3 with *ed light, far increased exposure to continuous white light (Table II) . Others iven a subse-have found a similar result (7, 9 (Table III) . A major share of the 18:3 was probably esterified to MGDG and therefore probably reflects the relative change in MGDG. Tremolieres and Lepage (10) found that in greening pea leaves there was an increase in galactolipid and 18:3. An interesting observation is evident from the data in that in all prior treatments except red light, there was a relative decline in 18:3 after 6 hr of continuous white light (Table II) . Tremolieres and Lepage (10) made no attempt to identify the influence of red light treatment, nor did they find this relative decline in 18:3 after a short period (6 hr) of illumination.
Pigment and Lipid Changes in Green Barley Leaves in the Dark. Green barley plants placed in the dark showed a progressive loss of chlorophylls with increased time in the dark, so that after 10 days in the dark the leaves contained only a trace of chlorophyll (Table IV) . The most marked changes in the fatty acid composition were in the relative amounts of 16:0 and 18:3 (Table IV) . With increased time in the dark there was a relative increase in the amount of 16:0 and a relative (Table VII) . Again, there was a decline in the chlorophyll a to chlorophyll b ratio with increased senescence. There was a change in the fatty acid composition of these cocklebur leaf discs with senescence (Table VIII) . Those leaf discs floated on water showed a decline in the relative percentage of 18:3, little change in 18:2, and a relative increase in 16:0 with increased senescence. The addition of sucrose to the incubation medium did not accelerate the change in those fatty acids; whereas the addition of abscisic acid slightly accelerated the fatty acid changes associated with senescence. The data concerning the total quantity of fatty acids per unit leaf material are very revealing (Table IX) . With increased incubation time on water, there was a decline in the total fatty acid content, most of which was caused by a decline in the level of 18:3. But here is the interesting point-the sucrosetreated leaf discs retained higher concentrations of the fatty acids than did the water controls; whereas the abscisic acid may have slightly accelerated the decline in fatty acids as compared to that in the water controls. Perhaps the sucrose had a sparing effect on the fatty acids-the provision of an yellowing of the tissue, the neutral lipid fraction containing the pigments became increasingly more labeled with time of incubation ( Table X) . The labeling in the polar lipid fractions (MGDG, DGDG, and phospholipids) increased and then decreased with time of incubation, indicating a comparatively rapid turn over. This probably reflects a decreased rate of synthesis with a normal or above normal rate of degradation of these lipids in the senescent tissues. The greening and senescence phases seem to exhibit opposite changes in the pigment and lipid compositions. The greening phase is characterized not only by increased chlorophyll accumulation but also by an increase in lipids as well as by a change in the saturation level of the acyl moieties of these lipids. That is, the fatty acids become more unsaturated; especially, there is a large increase in 18:3. This increase in 18:3 is not phytochrome-mediated. In contrast, senescent tissues exhibit a decrease in the lipids and a trend toward more saturated acyl groups due to a decline in 18:3.
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